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Abstract 

Background: The prevalence of chronic kidney disease is high in the elderly, but the effects of a decrease in the 
eGFR on mortality and functioning are still unclear. The aim of this study was to determine whether the 
combination of the eGFR and the eGFR slope is a predictor of mortality and functional decline. 

Methods: The eGFR (MDRD equation) and the eGFR slope were calculated. The slope was calculated using four 
annual eGFR measurements taken from 85 to 88 years of age. Mortality and changes in the Mini-Mental State 
Examination (MMSE), the Geriatric Depression Scale (GDS-15) and the Activities of Daily Living (ADL) scores were 
analysed as outcomes from 88 years onwards. 

Results: 378 persons aged 88 years participating to the Leiden 85 plus study, an observational prospective cohort 
study in the general population, were included. A combined analysis of the baseline eGFR and the eGFR slope showed 
that an eGFR of >60 ml/min combined with an eGFR decrease of > 3 ml/min/year and an eGFR of <60 ml/min 
combined with an of eGFR decrease >5 ml/min/year were independent predictors of increased mortality. The baseline 
eGFR, the eGFR slope and a combination of both factors did not predict changes in the MMSE, GDS or ADL scores 
between 88 and 90 years. 

Conclusion: The combination of the eGFR and the eGFR decrease allows the identification of subgroups of very 
elderly with increased mortality risks and of subgroups of very elderly with an eGFR of <60 ml/min without an 
increased risk of mortality. 

Keywords: Very elderly, Population-based study, eGFR, Decrease in eGFR, Mortality, Functional decline 



Background 

Demographic predictions for Western countries estimate 
that the number of persons aged 80 and over will 
increase significantly in the next several decades [1]. 
Knowing which factors correlate with higher mortality 
within this group would allow stratification into high 
and low risk groups and could result in different 
therapeutic approaches for different risk groups. 

The prevalence of chronic kidney disease (CKD) in 
older persons is high and increases with advancing age 
[2], The prevalence of CKD (an estimated glomerular 
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filtration rate (eGFR) <60 ml/min/1,73 m 2 ) is >38% in 
community-dwelling older persons aged 70 and over. 
[3-6] As a result, physicians must treat large numbers of 
older persons with CKD. 

A low eGFR has been associated with higher mortality 
risk [7,8]. The results of the Cardiovascular Health Study 
[9,10], a study in persons (mean age 72 years) with 
relatively high cardiovascular risk, indicate that a decrease 
in the eGFR is an important risk predictor of mortality. 
Other studies have reported a relationship between the 
presence of CKD and a decline in activities of daily living 
(ADL) in addition to this increase in mortality [11,12]. 

However, whether the eGFR slope or the combination 
of the eGFR and the eGFR slope is a good predictor of 
mortality or of a decline in functional performance in 
the very elderly in the general population remains 
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unknown. Being able to distinguish high risk from low 
risk patients is a necessary step before testing the effect 
of interventions in elderly with CKD. In this study, we 
investigated whether the combination of the eGFR and 
the eGFR slope predicted mortality and functional decline 
in the very elderly in the general population at large. 

Methods 

Study population 

The present study was carried out as part of the Leiden 
85-plus Study, a population-based prospective follow-up 
study of 85-year-old inhabitants of Leiden, the Netherlands. 
The study population has been described in detail previ- 
ously [13]. Between September 1997 and September 1999, 
all inhabitants of Leiden in the 1912-1914 birth cohort 
were eligible for study participation. No individual was 
excluded on the basis of health, cognitive function or 
living situation. All participants gave their informed 
consent to take part in the study. For those who had severe 
cognitive impairment, informed consent was obtained 
from a proxy. The Medical Ethics Committee of the Leiden 
University Medical Center approved the study. 

Participants were visited annually (from age 85 through 
90 years) at their place of residence to gather information 
in face-to-face interviews and to obtain venous blood 
samples. 

In the present study, the baseline eGFR was obtained 
at the age of 88 years, and the eGFR slope was calculated 
using the four creatinine measurements taken from age 
85 to age 88. 

Primary study parameters 
eGFR and eGFR slope 

At study entry and at yearly intervals thereafter, the 
serum creatinine and serum albumin concentration was 
measured automatically according to the Jaffe method 
(Hitachi 747; Hitachi, Tokyo, Japan). The eGFR was 
calculated using the 4-variable MDRD equation [14]. All 
eGFR values in are expressed in ml/min/1.73 m 2 but 
are noted as ml/min. A simplified version of the CKD 
classification system of the US National Kidney Foundation 
[15] was used to divide the study population into three 
eGFR-based groups (>60, between 45 and 59 and < 45 ml/ 
min/1.73 m 2 ). 

The slope of the eGFR (ml/min/1.73 m 2 /year) over a 
period of 3 years for every participant was calculated 
by the ordinal least square method using exactly 4 
eGFR values (at ages 85, 86, 87 and 88 years). Patients 
were divided in subgroups based on the slope of the 
change in the eGFR between age 85 and age 88 using 
predefined subgroups of >-l, -3 to -1, -5 to -3 and < -5 
ml/min/1.73 m /year. All eGFR slopes in this article 
are expressed in ml/min/1.73 m 2 /year but are noted 
as ml/min/year. 



Mortality 

Mortality data, recorded from the start of the study until 
Feb. 1, 2010, were obtained from the municipal registry. 
Causes of death were obtained from Statistics Netherlands 
and are coded according to the International Classification 
of Diseases and Related Disorders, 10th revision. Causes 
of death were divided into cardiovascular causes (codes 
100-199) and non-cardiovascular causes (all other codes). 

Functional status 

Cognitive function was measured using the Mini-Mental 
State Examination (MMSE) [16]. The MMSE scores 
range from 0 to 30, with lower scores indicating impaired 
cognitive function. Depressive symptoms were assessed 
using the 15-item Geriatric Depression Scale (GDS), [17]. 
Scores range from 0 (optimal) to 15. The GDS was only 
administered to participants who had a Mini-Mental State 
Examination score greater than 18 points. 

Disability in daily living was measured with the Activities 
of Daily Living (ADL) Scale, which assesses an individual's 
competence by combining the scores for 9 activities of daily 
living. [18]. Higher ADL scores indicate more disability. 

Comorbidity 

We obtained information on the presence of disease at 
baseline from the participants' general practitioners, nursing 
home physicians, pharmacy records, laboratory findings 
and ECGs. The diseases of interest included stroke, 
myocardial infarction (MI) and diabetes mellitus. We 
considered diabetes mellitus to be present if diagnosed 
by the treating physician, if the non-fasting glucose level 
was greater than 11.0 mmol/L, or if a participant was 
taking anti-diabetic medication. 

Other parameters 

During the interview, we obtained information on other 
variables, including sex, weight, level of education, income 
and residence in a nursing home. 

3 Statistical analyses 

Baseline differences between the three eGFR-based groups 
at age 88 were assessed using the Chi square test for 
categorical parameters, one-way ANOVA for normally 
distributed variables or the Kruskal-Wallis test for non- 
normally distributed variables. 

A Cox proportional hazards model was used to study 
the relationship between mortality from age 88 onwards 
and the different eGFR and eGFR slope categories. 
Because we focused on the predictive value of the eGFR 
and the eGFR slope and not on the underlying aetiology, 
we present Cox proportional hazards models only 
including gender. When the eGFR slope was used to 
divide participants into subgroups, we adjusted for gen- 
der and the mean of the eGFRs at ages 85 and 88. The 
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mean of the eGFRs was used to correct for differences in 
the eGFR at baseline and regression to the mean effects. 
For all subgroups, the HRs for total, cardiovascular and 
non-cardiovascular mortality were calculated relative to 
the participants with an eGFR slope of >-l ml/min/year. 
Two sensitivity analyses were performed correcting for 
gender, history of MI and eGFR at baseline (sensitivity 
analysis 1) and gender, history of MI and change in weight 
between the age of 85 and 88 (sensitivity analysis 2). 

The relationships between the eGFR, the eGFR slope 
and the combination of both factors and the mean changes 
in the MMSE, GDS or ADL scores between age 88 and 90 
were evaluated. Differences in the changes in these scores 
between different subgroups based on the eGFR and the 
eGFR slope were analysed with one-way ANOVA. 

All analyses were performed with SPSS software 
(version 19.0 SPSS Inc., Chicago, USA). 

Results 

Study population 

Between September 1997 and September 1999, 705 inhab- 
itants of Leiden reached the age of 85 years and were 
eligible for participation in the study. Fourteen individuals 
died before enrolment in the study, and 92 refused to 
participate. Of those enrolled in the study, 7 died before 
blood samples could be collected, and 30 were unwilling 
to provide a blood sample. As a result, blood samples 
from 562 subjects were available for analysis at age 85. 
Figure 1 shows the number of participants at the outset of 

{ \ 

Eligible participants aged 85 years in 1997-1999 n=705 

• Excluded: 143 

• Died before inclusion: 14 

• Refused to participate: 92 

• No blood test: 37 

[ Participants included at age 85: 562 

• Excluded: 184 

• Died before 88 years: 137 

• Refused to participate further: 40 

• no 4 creatinine measurments available for slope: 7 

Participants at age 88: 378 

• Excluded: 55 

• died before 89 years: 46 

• Refused to participate further: 9 

Participants at age 89: 323 

• Exluded:49 

• Died before 90 years: 41 

• Refused to participate further: 8 

/* \ 
Participants at age 90: 274 

Mortality follow up of all participants until 1/02/2010 
Figure 1 Flow chart of the Leiden 85-plus study. 



the study and annually thereafter over the 5-year follow-up 
period. Blood samples from 378 participants at 85, 86, 

87 and 88 years were available for the calculation of the 
slope of the change in the eGFR between 85 and 88; 
these participants were included in the present study. 
The characteristics of the 184 participants who died 
before age 88 (n=137) refused to participate before the age 
of 88 (n=40) or had no four creatinine measurements 
(n=7) are shown in Table 1. 

eGFR and eGFR slope 

The mean eGFR at baseline (age 88) was 59 ml/min for 
the whole population; 45% of the participants had an 
eGFR > 60 ml/min, 39% had an eGFR between 45 and 
59 ml/min, and 16% had an eGFR<45 ml/min. At age 
88, 89 or 90 none of the participants had an eGFR<10 
ml/min. The mean slope of the eGFR of the whole 
population was -0.4 (SD 3.1) ml/min/year. Among the 
subgroups identified, the mean slopes were 0.8 (SD 2.9) 
ml/min/year for those with an eGFR of >60 ml/min, -1.1 
(SD 2.5) ml/min/year for those with an eGFR of 45-60 
ml/min and -2.3 (SD 2.9) ml/min/year for those with an 
eGFR of <45 ml/min. 

Baseline characteristics 

The baseline characteristics of the study population as a 
whole and for the three subgroups based on the eGFR at 
baseline are shown in Table 2. 

The percentage of males was highest in the group with 
an eGFR >60 ml/min. No differences in demographic 

Table 1 Characteristics at age 85 of the study population 
(n=378) and the participants who died (n=137) or refused 
participation before the age of 88 years (n=40) or had 
no four creatinine measurements between 85 and 

88 years (n=7) 

Study population p 

population with incomplete 
(n=378) data (n=184) 

Socio-demographics 



Male Sex (%) 


113 (30%) 


73 (40%) 


<0.01 


Low level of education (%) 


234 (62%) 


129 (70%) 


<0.01 


Low income (%) 


194 (51%) 


92 (50%) 


0.62 


Institutionalised 


48 (13%) 


51 (28%) 


<0.01 



eGFR at age 85 (ml/min/1.73m 2 ) 



>60 1 69 (44%) 73 (40%) 

45-60 147 (39%) 69 (38%) 

<45 62(16%) 42(23%) 0.02 

Functional score (median (IQR)) 



MMSE 


25 (19-25) 


24 (18-24) 


<0.01 


GDS 


2 (0-5) 


2(1-4) 


0.01 


ADL 


12 (9-17) 


13 (10-19) 


<0.01 



( 
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Table 2 Baseline characteristics at age 88 of the whole study population and of the subgroups based on the eGFR 
(calculated by the MDRD equation) 



all (n=378) 



>60 (n=169) 



eGFR at age 88 years 
45-59 (n=147) 



<45 (n=62) 



Socio-demographics 

Male sex (%) 

Low level of education (%) 
Low income (%) 
Institutionalised (%) 
Comorbidity 

Diabetes mellitus (%) 
CVA in history (%) 
Ml in history (%) 



1 1 3 (30%) 
231 (61%) 
194 (51%) 
48 (13%) 

48 (13%) 
38 (10%) 
36 (10%) 



Anthropometric and nutrition parameters (mean (SD)) 

Weight 68(13) 

Serum Albumin 41 (3) 
Functional scores (median (IQR)) 

MMSE 25(19-25) 

GDS 2 (0-5) 

ADL 12(9-17) 



61 (36%) 
95 (56%) 
81 (49%) 
20 (12%) 

25 (15%) 
16 (10%) 
10 (6%) 

67(15) 
41 (4) 

25 (19-27) 
3 (1-5) 
1 3 (9-20) 



37 (25%) 
98 (67%) 
77 (52%) 

1 3 (9%) 

16 (11%) 
1 5 (1 0%) 

14 (10%) 

69 (13) 
41 (3) 

26 (21-28) 

I (0-3) 

II (9-15) 



1 5 (24%) 
39 (63%) 
36 (58%) 
1 5 (24%) 

7 (11%) 
7 (11%) 
12 (19%) 

68 (14) 
41 (3 

24 (18-28) 
2(1-5) 
14 (9-16) 



0.03 
0.50 
0.16 
0.07 

0.42 
0.68 
<0.01 

0.59 
0.06 

0.30 
0.20 
0.20 



*p was estimated by the Chi square test for categorical parameters, one-way ANOVA for normally distributed parameters and the Kruskal-Wallis test for non- 
normally distributed parameters. 



factors such as education level, income and institu- 
tionalisation or in the prevalences of diabetes mellitus 
and a history of CVA were observed between the three 
eGFR groups at baseline. A history of MI was more 
common in those with low eGFRs (p<0.01). The MMSE 
scores and GDS scores did not differ between the eGFR 
groups. 

Baseline eGFR and mortality 

From age 88 years onwards, 318 deaths; occurred in this 
cohort. 

All participants were followed until 1/02/2010. 46 
participants died at age 88-89, 41 at age 89-90, 50 at 
age 90-91, 37 at age 91-92, 41 at age 92-93, 36 at age 
93-94, 39 at age 94-95. Of the 88 participants still alive 
at age 95, 28 participants died before 1/02/2010 and 60 
participants aged 95-97 were still alive at this censordate. 
Of these deaths 108 were from cardiovascular causes, and 
210 were from non-cardiovascular causes. 

Compared with participants with an eGFR >60 ml/min 
at age 88 (reference), participants with an eGFR <45 ml/ 
min had a similar gender adjusted total mortality risk 
(HR 0.96 (95% CI 0.67-1.37)) and cardiovascular mortality 
risk (HR 1.50 (95% CI 0.85-2.62)). In participants with an 
eGFR between 45 and 59 ml/min, the gender adjusted 
overall (HR 0.99 (95% CI 0.73-1.32) and cardiovascular 
(HR 1.05 (95% CI 0.62-1.78) mortality risks were similar 
to those of participants with an eGFR >60 ml/min. 



eGFR slope and mortality 

Figure 2 shows the hazard ratios (adjusted for gender 
and the mean of the eGFRs at age 85 and 88) for total, 
cardiovascular and non-cardiovascular mortality for all 
participants according to the eGFR slope using cut-offs 
of -5, -3 and -1 ml/min/year. The highest total mortality 
and cardiovascular mortality risks were observed for 
participants with a decrease of 5 ml/min/year or more 
in the eGFR. No between-group differences in non- 
cardiovascular mortality were found. 

eGFR, eGFR slope and its relationship with mortality 

The relationship between the combination of the eGFR 
(in 3 subgroups) and the eGFR slope (in 4 subgroups 
using cut-offs of -5, -3 and -1 ml/min/year) and mortality 
is shown in Table 3. 

Participants with eGFR >60 ml/min and eGFR decrease 
of >3 ml/min/year, participants with eGFR 45-59 ml/min 
and eGFR decrease of >5 ml/min and participants with an 
eGFR of <45 ml/min and an eGFR decrease of >5 ml/ 
min/year had a higher total and cardiovascular mortality 
risk than the group of participants with an eGFR decrease 
of <1 ml/min/year. 

Two sensitivity analyses were performed to further ana- 
lyse this relation between mortality and the combination 
of the eGFR and eGFR decrease. A first sensitivity analysis 
(see Table 4) corrects for the eGFR at baseline and gender. 
This analysis shows similar result as Table 3. 
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Decreased 
<=□ risk 



Increased 



All cause mortality 






eGFR slope >-l 


n 


219 


eGFR slope -3 to -1 


n = 


93 


eGFR slope -5 to -3 


n = 


47 


eGFR slope < -5 


n = 


19 


Cardiovascular mortality 




eGFR slope >-l 


n 


219 


eGFR slope -3 to -1 


n = 


93 


eGFR slope -5 to -3 


n = 


47 


eGFR slope < -5 


n = 


19 


Xoncardiovascular mortality 


eGFR slope >-l 


n = 


219 


eGFR slope -3 to -1 


n = 


93 


eGFR slope -5 to -3 


n = 


47 


eGFR slope < -5 


n = 


19 



p for trend = 0.03 



p for trend < 0.01 



■ for trend = 0 . 5 S 



01234567S9 

HR(95°/o CI) 

Figure 2 All-cause, cardiovascular and non-cardiovascular mortality depending on the change in the eGFR per year among 378 
participants aged 88 years at baseline expressed as hazard ratios (HR) adjusted for gender with 95% CIs. Values greater than 1.0 indicate 
an increased risk. 



Second the relation between the participant's weight 
and changes in weight and eGFR changes were analyzed 
since (changes in) weight correlates to (changes in) 
muscle mass which correlates with the serum creatinine 
level. No relation was found between decrease in eGFR 
between 85 and 88 years and weight at age 88 (p for trend 



0.56) or change in weight (p for trend 0.15) between 85 
and 88 years. In a second sensitivity analysis (see Table 5) 
change in weight between age 85 and 88, a MI in the 
history and gender were used as CO- variables. This second 
sensitivity analysis showed similar results as Table 3 with 
even higher HR for the high risk groups 



Table 3 Relationships between both the eGFR at age 88 years and the decrease in the eGFR 3 years before 
(between age 85 and 88) and total and cardiovascular (CV) mortality 

eGFR slope per year between 85 and 88 years in ml/min/1.73 m 2 /year 







>-1 


-1 to -2.99 


-3 to -4.99 


<-5 


eGFR at age 88 > 60 (n=169) 




n=128 


n=26 


n=12 


n=3 




Overall mortality 


1 (ref) 


1.37 (0.82-2.31) 


2.17 (1.08-4.40) 


2.63 (0.79-8.76) 




CV mortality 


1 (ref) 


1.10 (0.39-3.05) 


2.99 (1.02-9.07) 


8.35 (2.15-3246) 


eGFR at age 8845 59 (n=147) 




n=71 


n=46 


n=21 


n=9 




Overall mortality 


1 (ref) 


0.77 (0.47-1 .26) 


1.27 (0.69-2.35) 


3.16 (1.44-6.95) 




CV mortality 


1 (ref) 


0.89 (0.38-2.07) 


0.67 (0.18-2.78) 


4.23 (1.22-14.65) 


eGFR at age 88 < 45 (n=62) 




n=20 


n=21 


n=14 


n=7 




Overall mortality 


1 (ref) 


0.63 (0.31-1.26) 


0.54 (0.18-1.61) 


2.03 (0.59-7.02) 




CV mortality 


1 (ref) 


0.99 (0.39-2.55) 


0.34 (0.04-2.76) 


4.72 (1.21-1847) 


The results are presented as the HR (95% CI) and were adjusted for gender and the 


mean of the eGFR at ages 


85 and 88. The results 


are shown with one 



reference group for each eGFR subgroup. 
* No events. 
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Table 4 Sensitivity analysis 1 of the relationships between both the eGFR at age 88 years and the decrease in the 
eGFR 3 years before (between age 85 and 88) and total and cardiovascular (CV) mortality 

eGFR slope per year between 85 and 88 years in ml/min/1.73 m 2 /year 
>-1 -1 to -2.99 -3 to -4.99 <-5 







n=l28 


n=26 


n=12 


n=3 


eGFR at age 88 > 60 (n=169) 


Overall mortality 


1 (ref) 


1.35 (0.81-2.25) 


2.09 (1 .07-4.09) 


2.43 (0.74-8.03) 




CV mortality 


1 (ref) 


1.12 (0.41-3.08) 


3.16 (1.12-8.90) 


8.99 (2.34-34.60) 






n=71 


n=46 


n=21 


n=9 


eGFR at age 88 45-59 (n=147) 


Overall mortality 


1 (ref) 


0.70 (0.43-1.15) 


1 .07 (0.56-2.05) 


2.31 (1.06-5.06) 




CV mortality 


1 (ref) 


0.79 (0.34-1.88) 


0.55 (1.39-2.12) 


2.87 (0.84-9.82) 






n=20 


n=21 


n=14 


n=7 


eGFR at age 88 < 45 (n=62) 


Overall mortality 


1 (ref) 


0.60 (0.29-1.23) 


0.48 (0.16-1.40) 


1.77 (0.52-6.10) 




CV mortality 


1 (ref) 


0.91 (0.34-2.39) 


0.31 (0.04-2.42) 


4.00 (1.04-15.43) 



The results are presented as the HR (95% CI) and were adjusted for the eGFR at age 88 and gender. The results are shown with one reference group for each 
eGFR subgroup. 
* No events. 



eGFR, eGFR slope and functional performance 

The mean changes in the functional scores (MMSE, 
GDS and ADL) between 88 and 90 years for the study 
population divided into subgroups based on the eGFR 
(3 subgroups), on the eGFR slope (4 subgroups using 
cut-offs of -5, -3 and -1 ml/min/year) and on a combin- 
ation of the two are shown in Table 6. No relationship was 
observed between the baseline eGFR, the eGFR slope or a 
combination of the two and the mean change in the 
MMSE, GDS or ADL score between the age of 88 and 90. 

Discussion 

The present study shows that combining the eGFR and 
the eGFR slope allows the identification of very elderly 
with a highly increased mortality risk in the general 
population. The highest mortality in every eGFR group 
was found in the participants with the largest decrease in 
the eGFR. Adjustment for changes in weight over time, as 



proxy for changes in muscle mass with correlates well 
with serum creatinine values, did not change the results. 

Our findings confirm the results of earlier studies [10,19] 
in younger populations that showed that the subgroup of 
participants with the largest decrease in the eGFR had the 
highest mortality rates. 

Interestingly, analysing our results in subgroups pro- 
vided more detailed insight into the relationships between 
the eGFR and the slope of the eGFR on mortality in 
the very elderly. Participants in our study with an eGFR 
of >60 ml/min and a decrease in eGFR of >3 ml/min/year 
had a more than twofold higher cardiovascular mortality 
risk than participants with normal eGFR and a decrease 
of < 1 ml/min/year. Therefore, eGFR decrease could be 
used in older persons without CKD to identify individuals 
with a higher risk of cardiovascular mortality. 

Among participants with eGFRs of 45-60 ml/min, only 
those with an eGFR decrease of 5 ml/min/year (6% of the 



Table 5 Sensitivity analysis 2 for the relationships between both the eGFR at age 88 years and the decrease in the 
eGFR 3 years before (between age 85 and 88) and total and cardiovascular (CV) mortality 

eGFR slope per year between 85 and 88 years in ml/min/1.73 m 2 /year 



>-1 



-1 to -2.99 



-3 to -4.99 



<-5 







n=l28 


n=26 


n=12 


n=3 


eGFR at age 88 > 60 (n=169) 


Overall mortality 


1 (ref) 


1 .44 (0.85-2.44) 


2.77 (1.35-5.68) 


4.41 (1.27-15.33) 




CV mortality 


1 (ref) 


1 .32 (0.48-3.67) 


4.08 (1.39-11.96) 


10.35 (2.46-43.61) 






n=71 


n=46 


n=21 


n=9 


eGFR at age 88 45-59 (n=1 47) 


Overall mortality 


1 (ref) 


0.89 (0.53-1.52) 


1 .58 (0.84-2.96) 


3.37 (1.51-7.52) 




CV mortality 


1 (ref) 


0.95 (0.38-2.37) 


0.83 (0.22-3.09) 


4.41 (1.24-15.78) 






n=20 


n=21 


n=14 


n=7 


eGFR at age 88 < 45 (n=62) 


Overall mortality 


1 (ref) 


0.74 (0.36-1.51) 


0.50 (0.17-1.46) 


2.26 (0.64-8.03) 




CV mortality 


1 (ref) 


0.97 (0.37-2.54) 


0.29 (0.04-2.32) 


4.04 (1.01-16.20) 



The results are presented as the HR (95% CI) and were adjusted for the change in weight between 85 and 88 years, history of Ml and gender. The results are 
shown with one reference group for each eGFR subgroup. 
* No events. 
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Table 6 Relationships between the baseline eGFR (at age 88 years), the eGFR slope (between age 85 and 88 years) and 
a combination of these two parameters and changes in the MMSE, GDS and ADL scores between age 88 and 90 years 



All participants eGFR slope per year between 85 and 88 years P for the eGFR slope per year 

in ml/min/1.73 m 2 /year 







>- 1 


1 t-rt ~i QO 

- 1 to -z.yy 


3 ti-* A QQ 

~ j to -*f.yy 


<" J 




Mean change in the MMSE score (+SE) 












All participants (n=274) 


-1.59 (0.22) 


-1 30 (0 ?R) 


-1 74 (0 40) 


-i 3g en 


-2.55 (1 .49) 


0.33 


eGFR 88 > 60 


-1.30 (0.30) 


-1 .09 (0.35) 


-2.31 (0.75) 


-2.00 (1.41) 


-1 .50 (1 .5) 


0.27 


eGFR 88: 45-60 


-1.55 (0.32) 


-1.42 (0.45) 


-1.14 (0.54) 


-2.38 (0.99) 


-3.14 (1.42) 


0.39 


eGFR 88 < 45 


-2.66 (0.77) 


-2.33 (1.71) 


-2.62 (0.99) 


-2.75 (1.22) 


-4.50 (7.50) 


0.95 


P (trend) for eGFR subgroups 


0.13 


0.50 


0.27 


0.92 


0.46 




Mean change in the GDS score (+SE) 












All participants (n=198) 


0.68 (0.20) 


0 8? (0 30) 


0 51 (0 241 


0 70 (0 68) 


-0 40 (1 121 


0.76 


eGFR 88 > 60 


1 .05 (0.36) 


1 .09 (0.45) 


1.14 (0.64) 


1.00 (1.41) 


-1.00 (3.00) 


0.86 


eGFR 88: 45-60 


0.50 (0.24) 


0.59 (0.43) 


0.37 (0.30) 


0.67 (0.56) 


0.00 (1.00) 


0.95 


eGFR 88 < 45 


-0.5 (.59) 


-0.50 (0.56) 


0.10 (0.43) 


0.33 (3.93) 


/ 


0.88 


P (trend) for eGFR subgroups 


0.22 


0.43 


0.33 


0.96 


0.72 




Mean change in the ADL score (+SE) 












All participants (n=274) 


3.58 (0.35) 


3.88 (0.48) 


3.12 (0.64) 


3.42 (1.04) 


3.0 (1.17) 


0.79 


eGFR 88 > 60 


3.77 (0.56) 


4.04 (0.67) 


2.95 (1.35) 


2.86 (1.67) 


2.50 (2.50) 


0.86 


eGFR 88: 45-60 


3.05 (0.59) 


3.24 (0.68) 


2.57 (0.72) 


2.44 (1.62) 


3.43 (1.77) 


0.89 


eGFR 88 < 45 


5.05 (1.10) 


5.42 (2.18) 


4.75 (1.87) 


5.88 (1.89) 


2.00 (1.00) 


0.91 


P (trend) for eGFR subgroups 


0.12 


0.49 


0.42 


0.39 


0.90 





Of the 378 participants at age 88 years, 87 died before age 90 and 17 refused to participate further. The GDS scores were not available for 76 participants who 
had at least once a low MMSE score in the annual measurements between 88 and 90 years old. 



persons with eGFRs of 45-60 ml/min) or more over 3 years 
had an increased mortality risk. Possible hypotheses for 
these differences in thresholds could be that a decrease of 3 
ml/min /year or more in persons with eGFR>60 ml/min is 
reflecting on-going cardiovascular damage whereas a de- 
crease of 1-5 ml/min/year in persons with eGFR<60ml/ 
min could be explained as fluctuation in eGFR due to 
adaptation instead of on-going cardiovascular damage. 

These results show that only a very small subgroup of 
the participants with an eGFR of 45-60 ml/min had an 
increased mortality risk. The current CKD classification 
[15] classifies all patients with an eGFR of 45-60 ml/min 
as having moderate CKD. Based on the results of our 
study, one may wonder whether very elderly individuals 
with an eGFR of 45-60 ml/min really should be labelled 
as having "moderate stage 3 chronic kidney disease", as 
indicated in the currently used classification of CKD [15]. 

Earlier studies [7,8] showed that all patients with an 
eGFR of <45 ml/min had an increased (cardiovascular) 
mortality risk. A recent meta-analysis by Hallan et al. 
[20] showed that lower eGFR is independently associated 
with mortality and ESRD in all age groups. However, in 
older age mortality showed lower relative risk, but higher 
absolute risk differences. In our study, 94% (138/147) of 
the participants with eGFRs of 45-60 ml/min and 89% 



(55/62) of the participants with eGFRs of <45 ml/min had 
no increase in total or cardiovascular mortality compared 
with the participants with eGFR>60 ml/min and eGFR 
slope >-l ml/min/year. This finding is relevant since it 
seems possible to select high risk and low risk older 
persons based on their eGFR and eGFR decrease, both 
easy to measure. Further research should investigate 
the benefit of interventions (like cardiovascular risk 
management or referral to a nephrologist) in the very 
elderly and higher mortality risk. 

Finally, earlier research showed that there is an asso- 
ciation between a low eGFR and more rapid cognitive 
decline [21], frailty [22] and ADL disability [11,12]. In 
this study, no relationship was found between the eGFR, 
the decrease in the eGFR or a combination of the two and 
a change in the MMSE, GDS or ADL score. It is unclear 
why the baseline eGFR combined with the eGFR slope 
predicted mortality but not changes in functional per- 
formance. One possible reason for this could be the small 
number of participants in some subgroups in our study. 
However, earlier analyses in the Leiden 85-plus Study 
cohort [23,24] showed significant differences in functional 
performance over time using the same functional per- 
formance scores that were used in this study. Therefore, 
we consider it unlikely that the lack of association could 
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be explained by the use of measurements scales that were 
not sensitive to small changes between the age of 88 and 
90 Another possible explanation is that participants with a 
rapid decrease in the eGFR die before developing 
functional decline. 

Strengths and weaknesses 

One strong point of this study is that it was a prospective 
study with a cohort of very old persons in a population- 
based setting with long, almost complete, follow-up. 
Another strength is that the eGFR slopes were calculated 
using four eGFR values from every patient. Thus, the well 
documented effect [25] of biological and analytical variance 
on the slope of the eGFR was minimised. Another strong 
point is that we did not use only one cut-off of -3 ml/min/ 
year but rather analysed the relationship between the eGFR 
slope and mortality using 2 additional cut-offs (-5 and -1 
ml/min year), allowing us to differentiate a limited decrease 
from larger decrease in the eGFR. 

One limitation of the study is that the eGFR was esti- 
mated with the 4-variable MDRD equation. This equation 
is currently recommended in most international guidelines 
and a reflection of general practice, [26] but is inadequately 
validated in patients age 80 and older [27]. The CKD EPI 
creatinine based equation [28] which needs Isotope Dilu- 
tion Mass Spectrometry (IDMS) is slightly better in esti- 
mating the eGFR in older persons [29,30] . However, in this 
study we did not perform the creatinine measurements 
with the required IDMS [31] but the Jaffe method, which 
was recommended at the time the data collection started. 
Since the MDRD equation uses non-IDMS creatinine to 
estimate the eGFR, the MDRD equation was used in this 
study. However, because the same creatinine assay was 
used for all repeated measurements for each individual 
participant in the study, the effect of using this method to 
determine the eGFR slope within individuals is likely 
limited. 

In addition, a limitation of our study is its relatively 
small sample size, especially of some subgroups. 

Conclusions 

In this study, we found that a rapid decrease in the 
eGFR is a predictor of mortality in older persons in the 
general population The combination of the baseline 
eGFR and the eGFR slope allowed the identification of 
subgroups of very elderly with higher mortality risks and 
subgroups of very elderly with an eGFR of <60 ml/min/ 
year that do not have an increased risk of mortality. The 
combination of the eGFR and the eGFR slope did not 
predict a decline in functional performance. 

Competing interests 

The authors declare that they have no competing interests. 



Authors' contributions 

JG had full access to all of the data and is responsible for the integrity of the 
data and the accuracy of the analysis. JG contributed to the study concept 
and design and obtained funding for the study. JG supervised the study. 
WDE and JG contributed to the data acguisition. All of the authors 
contributed to the analysis and interpretation of the data. GVP, WDE and JD 
conducted the statistical analyses. GVP drafted the manuscript, and all of the 
authors made critical revisions for important intellectual content and 
approved the manuscript. 

Funding 

The Leiden 85-plus Study was funded in part by an unrestricted grant from 
the Dutch Ministry of Health, Welfare and Sports. The sponsor had no role in 
the design and conduct of the study; in the collection, analysis and 
interpretation of the data; or in the preparation, review and approval of the 
manuscript. 

GVP is a fellow of the Research Foundation-Flanders (FWO). 
Author details 

'Department of public health and primary care, Katholieke Universiteit 
Leuven, Leuven, Belgium, institute of Health and Society, Universite 
Catholique de Louvain, Brussels, Belgium. 3 Research Foundation Flanders, 
Brussels, Belgium. 4 Department of Public Health and Primary Care, Leiden 
University Medical Center, Leiden, the Netherlands. 

Received: 12 June 2013 Accepted: 13 June 2013 
Published: 18 June 2013 



References 

1. 2010. http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/ 
Ref Type: Generic. 

2. Zhang QL, Rothenbacher D: Prevalence of chronic kidney disease in 
population-based studies: systematic review. BMC Publ Health 2008, 8:117. 

3. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, ef al: Prevalence 
of chronic kidney disease in the United States. JAMA 2007, 
298(17)2038-2047. 

4. Cirillo M, Laurenzi M, Mancini M, Zanchetti A, Lombardi C, De Santo NG: 
Low glomerular filtration in the population: prevalence, associated 
disorders, and awareness. Kidney Int 2006, 70(4):800-806. 

5. Garg AX, Papaioannou A, Ferko N, Campbell G, Clarke JA, Ray JG: 
Estimating the prevalence of renal insufficiency in seniors requiring 
long-term care. Kidney Int 2004, 65(2):649-653. 

6. Van Pottelbergh G, Bartholomeeusen S, Buntinx F, Degryse J, (2012). The 
prevalence of chronic kidney disease in a Flemish primary care 
morbidity register. Age and ageing, 41(2), 231-3. 

7. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY: Chronic kidney disease 
and the risks of death, cardiovascular events, and hospitalization. 

N Engl J Med 2004, 351 (1 3):1 296-1 305. 

8. Ford I, Bezlyak V, Stott DJ, Sattar N, Packard CJ, Perry I, ef ah Reduced 
glomerular filtration rate and its association with clinical outcome in 
older patients at risk of vascular events: secondary analysis. PLoS Med 
2009, 6(l):el6. 

9. Al-Aly Z, Zeringue A, Fu J, Rauchman Ml, McDonald JR, El-Achkar TM, ef at 
Rate of kidney function decline associates with mortality. 

J Am Soc Nephrol 201 0, 21 (1 1 ):1 961 -1 969. 

10. Rifkin DE, Shlipak MG, Katz R, Fried LF, Siscovick D, Chonchol M, ef al: Rapid 
kidney function decline and mortality risk in older adults. Arch Intern Med 
2008, 168(20)2212-2218. 

1 1 . Bowling CB, Sawyer P, Campbell RC, Ahmed A, Allman RM: Impact of 
chronic kidney disease on activities of daily living in community- 
dwelling older adults. J Gerontol A Biol Sci Med Sci 2011, 66(6):689-694. 

12. Pedone C, Corsonello A, Bandinelli S, Pizzarelli F, Ferrucci L, Antonelli Inc: 
Relationship between renal function and functional decline: role of the 
estimating equation. J Am Med Dir Assoc 2012, 1 3(1 ):84. 

1 3. der Wiel AB, Van EE, de Craen AJ, Gussekloo J, Lagaay AM, Knook DL, ef al: 
A high response is not essential to prevent selection bias: results from 
the Leiden 85-plus study. J Clin Epidemiol 2002, 55(1 1):1 119-1 125. 

14. Levey AS, Greene T, Kusek J, Beck G: A simplified equation to predict 
glomerular filtration rate from serum creatinine [Abstract]. 

J Am Soc Nephrol 2000, 11:1 55A. 



Van Pottelbergh et al. BMC Geriatrics 201 3, 1 3:61 Page 9 of 9 

http://www.biomedcentral.com/1471-2318/13/61 



15. 



16. 



1 1 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



30. 



National Kidney Foundation, K/DOQI clinical practice guidelines for 
chronic kidney disease: evaluation, classification, and stratification. Am J 

Kidney Dis 2002; 39(2 Suppl 1):S1-S266. 

Tombaugh TN, Mclntyre NJ: The mini-mental state examination: a 
comprehensive review. J Am Geriatr Soc 1 992, 40(9)522-935. 
Lyness JM, Noel TK, Cox C, King DA, Conwell Y, Caine ED: Screening for 
depression in elderly primary care patients, a comparison of the Center 
for Epidemiologic Studies-Depression Scale and the Geriatric Depression 
Scale. Arch Intern Med 1997, 157(4):449-454. 

Katz S, Ford AB, Moskowitz RW, Jackson BA, JAFFE MW: Studies of illness in 

the aged. The index of ADL: A standardized measure of biological and 

psychosocial function. JAMA 1963, 185:914-919. 

Shlipak MG, Katz R, Kestenbaum B, Siscovick D, Fried L, Newman A, et at 

Rapid decline of kidney function increases cardiovascular risk in the 

elderly. J Am Soc Nephrol 2009, 20(1 2):2625-2630. 

Hallan SI, Matsushita K, Sang Y, Mahmoodi BK, Black C, Ishani A, et al: Age 

and association of kidney measures with mortality and end-stage renal 

disease. JAMA 2012, 308(22)2349-2360. 

Buchman AS, Tanne D, Boyle PA, Shah RC, Leurgans SE, Bennett DA: Kidney 
function is associated with the rate of cognitive decline in the elderly. 

Neurology 2009, 73(12):920-927. 

Wilhelm-Leen ER, Hall YN, Tamura K, Chertow GM: Frailty and chronic 
kidney disease: the Third National Health and Nutrition Evaluation 
Survey. Am J Med 2009, 1 22(7):664-671 . 

den Elzen WP, Willems JM, Westendorp RG, de Craen AJ, Assendelft WJ, 
Gussekloo J: Effect of anemia and comorbidity on functional status and 
mortality in old age: results from the Leiden 85-plus Study. CMAJ 2009, 
181(3-4):151-157. 

Taekema DG, Gussekloo J, Maier AB, Westendorp RG, de Craen AJ: 
Handgrip strength as a predictor of functional, psychological and social 
health. A prospective population-based study among the oldest old. Age 

Ageing 2010, 39(3)331-337. 

Stevens LA, Coresh J, Greene T, Levey AS: Assessing kidney function-measured 

and estimated glomerular filtration rate. N Engl J Med 2006, 354(23)2473-2483. 

Early Identification and Management of Chronic Kidney Disease in Adults in 

Primary and Secondary Care; 2010. http://www.nice.org.uk/cg73. 

Van PG, Van HL, Mathei C, Degryse J: Methods to evaluate renal function 

in elderly patients: a systematic literature review. Age Ageing 2010, 

39(5):542-548. 

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI, et al: 
A new equation to estimate glomerular filtration rate. Ann Intern Med 
2009, 150(9):604-612. 

Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al: 
Estimating glomerular filtration rate from serum creatinine and cystatin 

C. N Engl J Med 2012, 367(1)20-29. 

Schaeffner ES, Ebert N, Delanaye P, Frei U, Gaedeke J, Jakob 0, et al: Two 
novel equations to estimate kidney function in persons aged 70 years or 
older. Ann Intern Med 2012, 157(7)471-481. 
Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, ef al: 
Expressing the Modification of Diet in Renal Disease Study equation for 
estimating glomerular filtration rate with standardized serum creatinine 
values. Clin Chem 2007, 53(4):766-772. 



doi:1 0.1 1 86/1471-231 8-1 3-61 

Cite this article as: Van Pottelbergh ef al: Prediction of mortality and 
functional decline by changes in eGFR in the very elderly: the Leiden 
85-plus study. BMC Geriatrics 2013 13:61. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



